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(54) Process and composition for removing residues from the microstructure of an object 



(57) A process for removing residues from the 
microstructure of an object is provided, which comprises 
steps of preparing a remover including carbon dioxide, 
an additive for removing the residues and a co-solvent, 
dissolving the additive in said carbon dioxide at a pres- 



surized fluid condition; andbringing the object into con- 
tact with the remover so as to remove the residues from 
the object. A composition for removing residues from the 
microstructure of an object is also provided. 
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Description 

[0001] The present invention relates to a process and a composition for removing residues from the microstructure 
of an object. The present invention specifically relates to a process and a composition for removing residues such as 
resists, generated during a semiconductor manufacturing process from a semiconductor wafer surface having a fine 
structure of convex and concave portions. 

f?w < ! 21 ^ 11 is _ rec < uired as one st6 P in manufacturing a semiconductor wafer to remove residues, such as photoresists 
UV-hardened resists, X-ray hardened resists, ashed resists, carbon-fluorine containing polymer, plasma etch residues' 
and organic or inorganic contaminants from the other steps of the manufacturing process. The dry and wet removal 
methods are commonly used In the wet removal method, the semiconductor wafer is dipped in an agent such as a 
water solution, including a remover to remove residues from the surface of semiconductor wafer. 
[0003] Recently, supercritical carbon dioxide isused as such an agent because of its low viscosity and high diff usivity 
According to such properties, cleaning with supercritical carbon dioxide provides several advances in the treatment of 
microstructures, such as high penetration into small areas between microstructures and successfully drying micro- 
structures because of non liquid-liquid interface in the supercritical phase 

[0004] However, supercritical carbon dioxide is not enough by itself to remove several residues from the surface of 
the semiconductor wafer. To resolve this problem, several additives to supercritical carbon dioxide are proposed As 
described in the Japanese unexamined patent publication No.10-125644, methane or surfactant having CFx group is 
used as an additive to supercritical carbon dioxide. In Japanese unexamined patent publication No. 8-1 91 063 dimeth- 
ylsulfox.de ord.methyl-formamide is used as suchan additive. However, based on the inventors' studies, these additives 
are not always effective for removing residues. Especially, when the cleaning object is like a wafer which consists of 
low dielectric constant materials, the quality of such wafer decreased after treatments by such process using alkaline 
compounds and water. This might be occurred because basic compounds and water caused damages on low dielectric 
constant materials, especially on materials having dielectric constant lower than 4. (hereinafter referred to as low-k 
t^ThTtow-k materials r6Sent inVenti ° n " objected t0 P rovide a novel and effective cleaning without significant damage 

[0005] An object of the present invention is, therefore, to provide a process and a composition for effectively removing 
residues from the microstructure of an object without significant damages to the low-k materials 
[0006] According to the present invention, a process is provided for removing residues from the object, which com- 
pnses steps of preparing a remover including carbon dioxide, an additive for removing the residues, an inhibitor for 
protecting low-k damage and a co-solvent for dissolving said additive in said carbon dioxide at a pressurized fluid 
condition and bringing the object into contact with said remover so as to remove the residues from the object 
[0007] A composition is further provided for removing residues from the object, which comprises carbon dioxide a 
35 SnSE additiVe ' 8 C °" SOlVent ° r miXtUre ° f c °- solvents ca P abl * «*» dissolving the fluoride containing additive, 
[0008] The foregoing and additional features and characteristics of the present invention will become more apparent 
IT* , h 9 *? IM i deiCri P ,ton considered with reference to the accompanying drawings in which like reference 
numerals designate like elements and wherein: 

40 FIG. 1 is a schematic diagram of an apparatus.for removing residues in accordance with the present invention. 

[0009] The present invention is applied to the microstructure of an object, e.g. , a semiconductor wafer having a fine 
structure of convex and concave portions on its surface, and a substrate made of a metal, plastic or ceramic which 
Torms or remains continuous or non-continuous layer of materials different therefrom 
is [001 0] First, said remover used in this invention is described. It includescarbon dioxide, an additive for removing the 
residues, an inhibitor for suppressing residues and a co-solvent for dissolving said additive and said Inhibitor in said- 
carbon dioxide at a pressurized fluid condition The pressurized carbon dioxide has a high dispersion rate and enables 
he dissolved residues to disperse therein. If carbon dioxide is converted to a supercritical condition, it penetrates into 
fine pattern port.ons of the object more effectively. By this feature, the additive is conveyed into pores or concave 
Portions on a surface of the object due to the low viscosity of carbon dioxide. The carbon dioxide is pressurized to 5 
MPa or more, but not less than 7.1 MPa at a temperature of 31 °C to convert the carbon dioxide to a supercritical fluid 
condition. 
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[0011] Although any additives that can remove residues from microstructures could be used it is preferred in the 
present invention to use quaternaryammoniumfluorides because of their effective cleaning ability. The preferred fluoride 
compound includes at least one element selected from the group consisting oftetramethylammoniumfluoride tetrae- 
thylammoniumfluoride, tetrapropylammoniumfluoride, tetrabutylammoniumfluoride, cholinefluoride Among these com- 
pounds, tetramethylammoniumfluoride (TMAF) is the most preferable one. 

[0012] If the concentration of the additive is too low, cleaning of residues is not sufficient. The lower limit of the 
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additive is 0.001 wt %, preferably 0.005 wt%, and more preferably 0.01 wt%. However, when the concentration is more 
than 0.1 wt%, low-k materials are damaged because of excessive etching of low-k materials. Thus, the upper range 
of the additive is 0.1 wt%, preferably 0,05 wt%, and more preferably 0.03 wt%. 

[0013] The remover in the present invention also includespolyhydric alcohol. Polyhydric alcohol act as an inhibitor 
5 that protects the low-k materials from the significant damage from the additives such as fluorides. During inventors' 
studies, after some cleaning tests of microstructures containing of low-k films, there were some liquid-like residues. 
These 'liquid like residues' were recognized as byproducts originated from etching reactions between some of the 
compounds in the remover and a part of low-k materials. Such byproducts could not be removed and appeared as 
liquid-like residues because such products from low-k materials were not easily dissolved into supercritical carbon 
10 dioxide. 

[0014] By further investigations, it was found that the amount of such liquid-like residues could be reduced when 
polyhydric alcohols were used as a component of said remover. Therefore, in the present invention, the remover in- 
cludes polyhydric alcohols as an inhibitor to protect low-k materials from the damage. Although the mechanism of the 
protection of low-k by polyhydric alcohol is still under investigations, polyhydric alcohol might adsorb on the surface of 

15 the iow-k materials and protect the surface from the attack of the chemicals. 

[0015] Polyhydric alcohols may be dihydric alcohol such as ethyleneglycol, propyleneglycql, trimethyleneglycol, di- 
ethyl eneglycol, dipropyleneglycol, 1 ,2- , 1 ,3-, 1 ,4- or 2,3-butanediol, pentamehyleneglycol, hexyleneglycol, octyleneg- 
lycol or trihydric alcohols such as glycerin, trimethylolpropanae, 1 ,2,6-hexanetriol, and tetrahydric alcohols such as 
pentaerythritol. Also, polyethyleneglycol or polypropy I eneglycol may be used. Among these compounds, dihydric al- 

20 cohols are preferable and ethyleneglycol a n dp ropyl eneglycol are more preferable. 

[001 6] If the concentration of the polyhydric alcohols is too low, the protection of the low-k is not sufficient and amount 
of liquid-like residues increases. The lower range of the polyhydric alcohols is 0.005 wt%, preferably 0.007 wt%, and 
more preferably 0.01 wt%. However, when the concentration is higher than 0.1 wt%, the efficiency of the protection is 
saturated. Thus, the upper range of the polyhydric alocholos is 0.1 wt%, preferably 0.07 wt%, and more preferably 

25 o.05 wt%. 

[0017] As the pressurized carbon dioxide is not enough by itself to dissolve additives and inhibitors such as TMAF 
andpolyhydric alcohols, the present invention uses co-solvent to dissolve them into carbon dioxide. The co-solvent of 
the present invention is a compound having an affinity to both carbon dioxide and the additive. Sucha co-solvent 
dissolves or disperses the additive homogeneously in the pressurized carbon dioxidein fluid condition. Although any 

30 co-solvent is used if it can make additives and polyhydric alcohols soluble into pressurized carbon dioxide, alcohols 
are preferable. The alcohol may be any alcohol, e.g. ethanol, methanol, n-propanol, iso-propanol, n-butanol, isobutanol, 
diethyleneglycolmonomethyleter, diethyleneglycolmonoethyleter, and hexafiuoro isopropanol. Among these alcohols, 
methanol, ethanol andiso-propanol are preferable because they act as a good co-solvent to wide range of compounds. 
[0018] The kind and amount of the co-solvent are selected depending on the kind and amount of the additive to 

35 carbon dioxide. The amount of the co-solvent is preferably five times or more than that of the additive because the 
remover easily becomes homogeneous and transparent. Alternatively, the remover may include the co-solvent in a 
range of 1 wt. % to 50 wt. %. If more than 50 wt. % of the co-solvent is added, the penetration rate of the remover 
decreases due to less amount of carbon dioxide. It is preferable to use a remover including carbon dioxide, alcohol as 
the co-solvent, quaternaryammoniumfluoride and/or quaternaryammoniumhydroxide as the additive because these 

40 additives are well dissolved in carbon dioxide by alcohol and are CO s philic. 

[0019] When TMAF is used as an additive, TMAF should betnitially dissolved into said co-solvent because TMAF is 
a solid at ambient temperature. At this time, solvents such as dimethylacetamide (DM AC) or de-ionized water (DIW) 
could be added to help TMAF to be dissolved into carbon dioxide more easily. The amount of such solvents is preferably 
less than 20 times of TMAF. Especially, a concentration of DIW should be. minimized because of the damages to the 

45 low-k materials. 

[0020] The practical procedure will be described using drawings. In the below description, components of remover 
other than carbon dioxide, a mixture of additives, inhibitors,co-solvents is simply called 'cleaning reagents*. Figure 1 
shows a simplified schematic drawing of an apparatus use for removing residues according to the present invention. 
In the figure, 1 is a carbon dioxide cylinder, 2 is a high pressure pump for carbon dioxide, 3 is a storage tank of cleaning 

50 reagents, 4 is a pump for cleaning reagents, 5 is a valve, 6 is a storage tank for rinse reagents, 7 is a pump for rinse 
reagents, 8 is a valve, 9 is a high pressure vessel, and 10 is a thermostat. Firstly, the microstructures, for example, 
semiconductor wafer having residues on its surface is introduced to and placed in a high pressure vessel 9, then carbon 
dioxide is supplied from a carbon dioxide cylinder 1 to the high pressure vessel 9 by a high pressure pump 2. The high 
pressure vessel 9 is thermostated at a specific temperature by a thermostat 10 in order to maintain the pressurized 

55 carbon dioxide in the high pressure vessel 9 at the supercritical condition. High pressure vessel 9 can be replaced by 
that having heating unit Cleaning reagents are supplied to the high pressure vessel 9 from tanks 3 by high pressure 
pumps 4. Cleaning step starts at the time when the cleaning reagents are fed from tank 3 to the high pressure vessel 
9. The feed of the carbon dioxide and cleaning reagents may be continuous or batch-like. 
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[0021] The removing process is performed at a temperature in the range from 31 "C to 120°C and at a pressure 
ranged from 5 M Pa to 30 M Pa, preferably, from 7.1 M Pa to 20 M Pa. The time required for removing the residues 
depends on the size of the object, the kind and amount of the residues, which is usually in the range from a minute to 
several ten minutes. 

s [0022J After a cleaning step, a rinse step follows. Residues removed from surface during the cleaning step remains 
in the vessel 9 after the cleaning step finishes. If pure carbon dioxide is fed into such conditions, some portion of 
residues will deposit on the surface of the objects. Therefore, afterthe cleaning step, the first rinse step with the mixture 
of carbon dioxide and rinse agents is applied. After this first rinse step, the second rinse step with pure carbon dioxide 
is applied. 

10 [0023] Preferable rinse agents used in the first rinse step are those that can remove liquid-like residues. After inven- 
tors' investigations, compounds having specific dielectric constant similarto water are effective for this purpose Since 
the specific dielectric constant of water is 78 at 25°C under atmospheric pressure, compounds having specific dielectric 
constant not smaller than 78 are used. The reason why the required specific dielectric constants are similar to that of 
water is that the liquid-like residues as byproducts of low-k etching have high polarity, resulting in the high affinity to 

15 the polar solvents. * ' 

[0024] On the other hand, polyhydric alcohols are required in the present invention as described in the previous 
section . However, if the amount of the cleaning reagents is small enough to suppress the by-production due to damages 
of low-k materials, rinse agent having specific dielectric constant not smaller than 78 may be used with a relative longer 
treatment time without any addition of polyhydric alcohols in the cleaning step. However, in order to minimize the 
process time of the first rinse step (for example, 5 min. or less), it is preferable to minimize the by-production of liquid- 
like residues with addition of polyhydric alcohols. 

[0025] Practically, the first rinse step can be done by stopping the feed of the cleaning reagents by the valve 5 
followed by feed of carbon dioxide and rinse reagents to the high pressure vessel 9 to get rid of the contents of vessel 
9. A flow meter 1 2 may be used to control the flow rate. During the first rinse step, it is preferable to decrease the feed 
rate of nnse reagents gradually or in astepwise manner with valve 8 to replace the contents by pure carbon dioxide 
followed by the second rinse step with pure carbon dioxide. 

[0026] Fluid evacuated from the cleaning step and the first rinse step can be recycled and re-used by the separation 
into gaseous carbon dioxide and liquid fractions by a carbon dioxide recycle process. fyt example, including a liquid 

30 [0027] After the second rinse step, by releasing pressure with a pressure control valve 1 1 , carbon dioxide vaporize 
to gaseous phase. Therefore, microstructures such as semiconductor wafers can be dried without any water mark and 
any destructions of the pattern. 

[0028] Hereinafter, the present invention is described with reference to experiments. Although the present invention 
has been fully described by way of example with reference to the accompanying drawings, it is to be understood that 
35 various changes andmodifications will beapparentto thoseskilled in the art. Therefore, unless otherwisesuch changes 
and modifications depart from the scope of the present invention, they should be construed as being included therein. 

EXAMPLES 
40 Example 1 

[0029] At first, in order to investigate the degree of the damage of cleaning reagent to the low-k materials etch rate 
measurements of low-k films were earned out. Low-k films were prepared on the silicon wafer by coating the materials 
consisting of organic silicon followed by heating and diying. The film thickness of the low-k films was about 5000A and 
k-value was in the range of 2 to 3. Using cleaning tools shown in the figure 1 , a wafer coated by the low-k film was set 
into the high pressure vessel 9. After closing the cover of the vessel 9, carbon dioxide was introduced from carbon 
dioxrfe cylinder 1 through the pump 2. The temperature of the vessel 9 was maintained at 50°C with a thermostat 10 
and the pressure was controlled by the control valve 11 . After the pressure reached 15 MPa, cleaning reagents were 
fed into the vessel 9 from the storage tank 4 through the pump 4. After a 10 minute-treatment, 5 minutes of the first 
rinse step was applied, followed by 10 minutes of the second rinse step with a pure carbon dioxide. A rinse reagent 
used in the first rinse step was 0.5 wt% of de-ionized water, 4.5 wt % of ethanol and 95wt% of carbon dioxide. 
[0030] Afterthe second rinse step, the pressure was released by the pressure control valve 11 and wafer was taken 
to be prodded for further evaluation. Etch rates (A/min) were calculated by the difference in the film thickness before 
and after the treatment divided by the 10 min. Film thickness was measured by an optical measurement tool The 
=5 results are shown in table 1 . 

[0031] The abbreviation used in table 1 are follows; 

[0032] TMAFTetramethylammoniumfluoride, DMAC:Dimethylacetamide, DIW:de-ionized water EG Ethvleneolvcol 
PG:Propyleneglycol, EtOHEthanol ' 
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Table 1 
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Example 2 

[0033] In the same manner described in the example 1 , wafers coated by the low-k film were prepared. After line 
and space patterns (1 80 nm width) were processed by the lithography on the surface, ordinary etching by f luorocarbon 
gases and ashing by oxygen plasma. After one minute cleaning with cleaning reagents listed in the table 2 under the 
same condition as the example 1 , five minute or ten minute of the first rinse step using components listed in table 2, 
followed by ten minutes of the second rinse step with a pure carbon dioxide. The first rinse reagents used were 0.5 
wt% of listed components, 4.5 wt% of ethanol and 95 wt% of carbon dioxide. After the release of the pressure by 
opening the pressure control valve 11, the treated wafer was taken and provided for the evaluation. TJie cleaning 
performance was evaluated by the observation of a scanning electron microscope (SEM) with amplitude of 50000. The 
performance was checked both residues on the surface of the line and the liquid-like residues. The criteria used for 
investigation was as follows; 
[0034] Excellent: No residues remained 

[0035] Good: Amount of residues was less than 1 area % on the patterned side of the wafer. 
[0036] NG (Not good): Amount of residues was more than 1 area %. 
[0037] The abbreviation used in table 2 are follows; 

[0038] TMAFTetramethylammoniumfluoride, DMAC:Dimethylacetamide, H 2 0:water (£=78), DIW:de-ionized water, 
EG:Ethyleneglycol, PG:Propyleneglycol, EtOH:Ethanol, FA:Formamide (£=111), MF:Methylformamide (£=182), DMF: 
Dimethylformamide (£=36.7), MeOH: Methanol (£=42), AC:Acetone (£=21) 

[0039] According to the cleaning process described in the present invention, low-k materials that are easily damaged 
by the cleaning reagents could be protected by the use of the cleaning reagents including inhibitors such aspolyhydric 
alcohols added into carbon dioxide. Besides, residues produced because of the damages of low-k materials by the 
cleaning reagents could be removed by a suitable selection of the rinse reagents. Therefore, the cleaning process 
described in the present invention provides one of the optimized cleaning processes applicable to the microstructure 
such as semiconductor wafers. 
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Claims 

1 . A process for removing residues from the microstructure of an object comprising steps of: 

preparing a remover including carbon dioxide, an additive for removing the residues, an inhibitor for suppress- 
ing residues and a co-solvent for dissolving said additive and said inhibitor in saidcarbon dioxide at a pressu- 
rized fluid condition; and 

bringing the object into contact with said remover so as to remove the residues from the object . 

2. The process according to claim 1 , wherein said additive includes quaternaryammoniumfluoride. 

3. The process according to claim 1 , wherein said additive includes tetramethylammoniumfluoride. 

4. The process according to claim 1 , 2 or 3, wherein the concentration of said additive is between 0.001 to 0. 1 weight 
percent. 

5. The process according to anyone of claims 1 to 4, wherein said inhibitor includes polyhydric alcohol. 

6. The process according to claim 5, wherein said polyhydric alcohol is a dihydric alcohol. 

7. The process according to claim 5 or 6, wherein said dihydric alcohol is a propylene glycol. 

8. A process for removing residues from the microstructure of an object comprising steps of: 

preparing a remover including carbon dioxide, an additive for removing the residues and a co-solvent for 
dissolving said additive in saidcarbon dioxide at a pressurized fluid condition; and 

bringing the object into contact with said remover so as to remove the residues from the object followed by a 
rinse step including rinse agent of which dielectric constant at a temperature and pressure of 25° C and 1 atm 
is 78 or larger. 

9. The process according to claim 8, wherein said rinse agent is selected from at least one of the compounds including 
water, formamide, m ethy If orm amide and methylacetamide. 

10. The process according to claim 8 or 9, wherein said remover includes an inhibitor for suppressing residues. 

11. The process according to claim 8, 9 or 1 0, wherein said additive includes quatemaryamoniumfluoride. 

12. The process according to claim 8, 9 or 1 0, wherein said additive includes tetramethylarmoniumfluoride. 

13. The process according to anyone of claims 8 to 12, wherein the concentration of said additive is between 0.001 
to 0.1 weight percent. 

14. The process according to anyone of claims 10 to 13, wherein said inhibitor includes polyhydric alcohol. 
15'. The process according to claim 14, wherein said polyhydric alcohol is a dihydric alcohol. 

16. The process according to claim 14, wherein said dihydric alcohol is a propylene glycol. 

17. A composition for removing residue from the microstructure of an object, comprising 

carbon dioxide, a fluoride containing additive, a co-solvent or mixture of co-solvents capable of dissolving the 
fluoride containing additive, and an inhibitor. 

1 8. The composition according to claim 1 7, wherein the fluoride containing additive is a quaternary ammonium fluoride. 

19. The composition according to claim 18, wherein the quaternary ammonium fluoride is tetramethylammonium flu- 
oride. 
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20. The composition according to claim 17, 18 or 19, wherein the co-solvent or mixture of co-solvents is ethanol, 
methanol, n-propanol, isopropanol, n-butanol or dimethylacetamide. 

21. The composition according to claim 20, wherein the co-solvent is a mixture of ethahoi and dimethylacetamide. 

5 

22. The composition according to anyone of claims 1 7 to 21 , wherein the inhibitor is propylene glycol. 

23. A composition for removing residue from the microstructure of an object, comprising 

10 carbon dioxide, tetramethylammoniumfluoride, ethanol, dimethylacetamide, and propylene glycol. 
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